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Introduction
Soils are stressed by modern agricultural management. Key threats to soils in the humid Nordic countries are water-facilitated erosion and soil compaction. In addition, some management systems induce critically low levels of soil organic matter (OM). Soils are diverse and all very complex ecosystems. In contrast to water and air, no simple thresholds can be set up for a suitable quality of soil. Hence, soil science needs to be involved in regulating management for sustainable agricultural systems. This paper reflects on the role of soil science in this important process.
The soil quality concept
Numerous publications have addressed ‘soil quality’. Most papers assign specific soil attributes to the term (e.g. OM content and structural stability). To make this approach operational, the focus has mainly centred on soil quality indicators, hoping that a collection of such indicators may fully classify the quality of some specific soil. Larson & Pierce (1991) suggested a minimum data set to describe the quality of a soil. Using an analogue to human medicine, reference values for each indicator would set the limit for a healthy soil. However, the use of indicators has been widely discussed in the literature. Sojka & Upchurch (1999) stressed the difficulty in dealing with the wide range of soil types and the diverse agricultural uses of soils (e.g. growing different crops with dissimilar soil requirements). The use of soil quality indicators is even more problematic when they are indexed (Schjønning et al., 2004). The soil quality term should be used only in combination with considerations of sustainability issues.
System analysis and identification of problems
The so-called DPSIR framework has been adopted from studies of environmental problems to be used also as a tool in analyses and regulation of agriculture (Blum, 1998). The DPSIR approach distinguishes between Driving forces, Pressures, State, Impacts and Responses and facilitates identification of the mechanisms acting in the whole agricultural system. Using again the analogue to human medicine, the study of soil (i.e., indicators) may help diagnosing the patient, but the DPSIR analysis points out the most relevant cure.
Soil science in a network society
Society demands solutions from science. Decades ago, scientists were expected to interact with society only by delivering their results in peer-reviewed papers, perhaps at the very most followed by articles in magazines. Today, scientists have to interact directly with stakeholders and decision-makers to identify and solve problems in the complex agro-ecological system. Bouma et al. (1998) advocated a ‘research chain’ for implementing scientific results in decisions on management and land use. This would imply methodical steps in a process of identifying, selecting, resolving and presenting the soil quality problem and the knowledge gained (using the DPSIR framework). This ‘chain’-approach should be performed by an interdisciplinary group of researchers and stakeholders. A step-by-step increase in complexity of succeeding research chains may further improve the quality of decisions on land use (Bouma, 2001). At the same time, this will optimise the focus and the contribution from all branches of science, both fundamental, strategic and applied research.
The EU Soil Thematic Strategy and the Soil Framework Directive
Acknowledging the threats to soil quality, the EU recently involved a lot of stakeholders and soil scientists in the formulation of a Soil Thematic Strategy (2003). Eight threats to a continued quality of soils were identified, five of which were suggested as focus-topics in a proposal for a Soil Framework Directive: erosion, OM decline, salinisation, compaction and landslides. The suggested Framework Directive (to be finally approved by the Council in 2007) obliges EU member countries to identify risk areas and take actions to counteract these five threats at the local level.
GIS-based decision support systems for facing the threats to soil quality
A successful implementation of the Soil Framework Directive calls for the research chains suggested by Bouma et al. (1998). This is because averting threats to soil quality requires knowledge on soil vulnerability as well as the impact of management. Agronomists, engineers and farmers have to interact with soil scientists to identify best management practices that secure a sustained soil quality. Because of the high diversity of soils, the best practices for sustained soil quality will differ from soil to soil. This further calls for tools that take into account the spatial variability (soil type and climate). A combination of the knowledge gained in research chains and the GIS (Geographic Information Systems) tool for facilitating differentiated management provides the answer to tomorrows plea for protection of the soil resource.
Conclusions
Soils in the Nordic countries are threatened, primarily by erosion, compaction, and loss of OM. The EU Soil Thematic Strategy has suggested a Framework for implementation of tools to counteract the threats to a sustained soil quality. Soil scientists should take part in this process and accept the need to do so in a close cooperation with stakeholders and fellow colleagues in related scientific branches. The diversity of soils calls for the development of GIS-based tools to identify the best strategy at given locations. An isolated focus on soil quality indicators in monitoring programmes is strongly discouraged.
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